.
After the discovery of carcinoembryonic antigen (CEA) by Gold and Freedman (1965) in the serum of patients with colorectal cancer, attention was at first directed to the association of the antigen with colonic disorders. Later, studies of serum levels of CEA were carried out in a wide variety of neoplastic and nonneoplastic diseases of various organs (Martin et al., 1976) .
Immunohistochemical demonstration of CEA in tissues has, like the studies of serum levels, been largely confined to the demonstration of antigen in colonic lesions. This is despite the fact that CEA has been successfully extracted from a number of both normal and cancerous tissues (Kupchik and Zamcheck, 1972; Khoo et al., 1973; Pusztaszeri and Mach, 1973; Goldenberg et al., 1976) . In the course of an immunohistochemical study of CEA in ulcerative colitis (Isaacson, 1976) The ease with which CEA could be demonstrated in freely available normal tissue at the light microscope level led to attempts to demonstrate CEA in tissues at the ultrastructural level. Ultrastructually CEA is present in the glycocalyx of the small intestine and in the mucin granules of immature and mature goblet cells.
Methods

LIGHT MICROSCOPY
Twenty-seven biopsies of normal adult small intestine (22 jejunal and five ileal) were studied. These were obtained either by peroral biopsy or by resection at laparotomy for disorders not primarily affecting the small intestine-for example, gastroenterostomy for peptic ulcer. Tissues were fixed in formol saline and routinely processed into paraffin blocks; 5 ,um sections were stained for CEA by the indirect immunoperoxidase technique as described elsewhere (Isaacson and Judd, 1977) . Endogenous peroxidase and non-specific cross-reacting glycoproteins were inhibited using 1 % periodic acid. After demonstrating abolition of staining by absorption of antiCEA with purified CEA in two cases, negative controls consisted of a duplicate section stained with substitution of normal goat serum for goat antiCEA. Positive controls, consisting of the same section of colon carcinoma, were included in each staining run.
SEMI-THIN SECTIONS AND ELECTRON MICROSCOPY
Of the 27 cases used for light microscopy portions of six were cut fresh into 1 mm3 cubes and fixed in 5 % (Wallis and Griffin, 1973 Fig. 3 High powtver view of same section illustrated in Fig. 2 . Note the granular staining ofgoblet cells. CEA is present as a band along the surface of the brush border.
x 100. these thinner sections goblet cells always stained, often in a granular fashion (Figs. 2, 3) . Despite the fact that 1 % periodic acid was not used in the staining procedure, endothelium, red blood cells, and Paneth cell granules did not stain. Negative control sections did not stain.
At the ultrastructural level (Figs. 4, 5, 6 ) a band of strong staining was evident along the tips of the microvilli with incorporation of the tips of the microvilli into this band. There was intensification of staining between the microvilli. Mucin granules in mature and immature goblet cells stained strongly positive and positively staining granules could be seen streaming out of surface goblet cells. Thus, the positive band across the tips of microvilli appeared to be largely separate from material escaping from goblet cells, although some fusion of positive material was evident. No intracytoplasmic staining was evident in any of the epithelial cells and, as in the semi-thin sections, no endothelial, red blood cell, or Paneth cell staining was observed. In grids using normal goat serum there was no staining of the goblet cells or the tips of the microvilli. A faint band incorporating the tips of the microvilli could be appreciated.
Discussion
CEA has previously been demonstrated immunohistochemically in a number of epithelial malignancies, including colorectal cancer, and in normal colon (Goldenberg et al., 1976; Huitric et al., 1976; Isaacson, 1976) . It has also been extracted from these and some other normal tissues (Khoo et al., 1973; Goldenberg et al., 1976) . While CEA has been demonstrated in foci of intestinal metaplasia in the stomach (Burtin et al., 1973) there have been no previous attempts to demonstrate CEA in the normal human small intestine. This is surprising when the large amount of CEA present in human faeces is considered. Not only is it unlikely that this amount of CEA is derived from the small amounts shown to be present in colonic epithelium (Khoo et al., 1973) , but, if it were, then the presence of colonic carcinoma, which contains 10-100 x more CEA than normal colon, should raise faecal levels of CEA, but, as shown by Elias et al. (1974) this is not the case. Furthermore, Elias et al. found that the CEA content from an ileostomy drainage was equal to that in faeces from normal patients. Additional evidence for the production of CEA by small intestinal epithelium is found in a study of patients with bladder carcinoma. Hall et al. (1973) noted that the urine from ileal conduits contained large amounts of CEA as compared with urine samples taken directly from the ureters of these patients. The ease with which CEA can be demonstrated in the small intestine is yet another indication of the high CEA content of the small intestine since Goldenberg et al. (1976) have shown that the ease with which CEA can be demonstrated immunohistochemically is proportional to the tissue concentration. The present study, therefore, indicates that the epithelium of the small intestine is manufacturing CEA in amounts similar to that of colorectal cancer, but, unlike CEA from colorectal cancer, some of which finds its way into the blood stream, small intestinal CEA is mostly shed into the lumen of the gut. Given that the entire adult human small inestine is so well coated with CEA, this can hardly be designated an oncofetal antigen. More probably, as has already been suggested by others (Neville and Laurence, 1974) , CEA is related to cell division in some way, being associated with rapidly dividing epithelial tissues. Further study on the biological functions of CEA would seem to be indicated.
CEA has been previously demonstrated in semithin and thin sections of normal colon and colonic carcinoma (Huitric, 1973; Huitric et al., 1976) . The methods used have been extremely complex, employing special fixatives and, for ultrastructural studies, blocks were prestained as frozen sections before being processed for electron microscopy. For these studies undiluted antisera were necessary and the results, while in some ways similar to those of the present study, contained some surprising differences, not the least being the negative staining of colonic carcinoma in light microscope preparations. The methods used in our investigation of the small intestine are extremely simple and reproducible. We feel that this is principally because we used Nakane and Kawaoi's (1974) method for preparing peroxidase conjugates, as we found that when we used commercially supplied conjugates, prepared by glutaraldehyde coupling, the sensitivity dropped off dramatically.
It is interesting that the preparation of semi-thin and thin sections inhibited the cross-reaction of anti-CEA with other tissue glycoproteins as described previously (Isaacson and Judd, 1977) . It was, in fact, this observation that led to the formal study of the immunohistochemical cross-reactivity of CEA. Reagents used for etching the resin were tested and found not to inhibit these reactions. Thus the process of resin embedding had the same effect as pretreating sections with 1 % periodic acid. As no single 790 group.bmj.com on October 21, 2017 -Published by http://gut.bmj.com/ Downloaded from reagent used in resin embedding was found to act in this way we must assume that some combination of reagents or resin polymerisation was responsible.
The glycocalyx is usually described as a fuzzy layer above the microvilli (Toner et al., 1971) . No such layer was present in our ultrastructural preparations and instead a band appeared to incorporate the tips of the microvilli. We feel that this can only be the glycocalyx and that its slightly different position is caused by the different preparation and subsequent manipulation of the thin sections. Previous studies, using radiolabelled carbohydrates (Bennett, 1970; Bennett and Leblond, 1970) have indicated that the glyco-protein destined for the glycocalyx is synthesised in the Golgi apparatus from which it migrates into its final position. The restriction of CEA staining to the goblet cell and glycocalyx suggests an alternative possibility-namely, that the glycocalyx, or part of it, is derived from the goblet cell. We have been unable to demonstrate true intracytoplasmic CEA, the glycocalyx and mucin granule being, in effect, extracellular structures. At the light microscope level, CEA has been shown to be present intracytoplasmically in medullary carcinoma of the thyroid (Isaacson and Judd, 1976) and ultrastructural studies of this tumour may be more rewarding in establishing the site of CEA synthesis.
